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THE EFFECTS OF ATMOSPHERIC DUST ON OBSERVATIONS OF

MARTIAN SURFACE ALBEDO; S.W. Lee and R.T. Clancy, LaboratoD' for Atmospheric
and Space Physics, Univ. Colorado, Boulder, CO 80309

The Mariner 9 and Viking missions provided abundant evidence that aeolian processes zve
active over much of the surface of Mars [1; 2]. Past studies have demonsuated that variations in
regional albedo and wind streak patterns are indicative of sediment transport through a region [3;
4], while thermal inertia data [derived from the Viking Infrared Thermal Mapper (IRTM) data s_.t_
are indicative of the degree of surface mantling by dust deposits [5; 6; 7; 8; 9L Tl_,e visual ana
thermal data are therefore diagnostic of whether net erosion or deposition ci dust-storm fa!lom is

taking place currently and whether such processes have been active in a region over the long term.
These previous investigations, however, have not attempted to correct for the effect_ or
atmospheric dust loading on observations of the martian surface, so quantitative studies of ctu_ en:
sediment transport rates have included large errors due to uncertainty in tk_- magnit:_de cf tt':"
"atmospheric contamination".

We have developed a radiative transfer model which allows the efiZ,, ts c,f ;._m_.;Fbc;._: ,,,
loading and variable surface albedo to be investigated [see related abstract, !()] This model
incorporates atmospheric dust opacity, the single scattering albedo and particle phase function of
atmospheric dust, the bidirectional reflectance of the surface, and variable lighting and viewing

geometry.
The Cerberus albedo feature has been examined in detail using this technique. Previous

studies have shown the Cerberus region to have a moderately time-variable albedo [4]. IRTM
observations obtained at ten different times (spanning one full martian year) have been corrected
for the contribution of atmospheric dust in the following manner:

• A "slice" across the IRTM visual brightness observations was taken for each time step.
Values within this area were binned to 1o latitude, longitude resolution.

• The atmospheric opacity (x) for each time was estimated from [11]. As the value of "c
strongly influences the radiative transfer modelling results, spatial and temporal
variability of _: was included to generate an error estimate.

• The radiative transfer model was applied, including dust and surface phase functmor,_:,
viewing and lighting geometry of the actual observations, and the range of I: l l0].

• Offsets were applied to the visual brightness observations to match the model results at
each x.

• The "true surface albedo" was determined by applying the radiative transfer model to
the offset brightness values, assuming x = 0 and a fixed geometry (0 ° incidence, 30 °
emission). Repetition of this technique for each time step allows values (ff albedo for
specific locations to be tracked as a function of time (Figure 1).

The initial results for Cerberus indicate the region darkens prior to the major 1977 dttst
storms, consistent with erosion of dust from the surface (possibly contributing to the increasing
atmospheric dust load). There is some indication of regional brightening during the dust storms
followed by a general darkening, consistent with enhanced dust deposition during the storms
followed by erosion of the added dust. There is only minor variability during the second year,
consistent with little regional dust transport during that period.

The results of this study indicate that atmospheric dust loading has a significant effect on
observations of surface albedo, amounting to albedo corrections of as much as several tens of
percent. This correction is not constant or linear, but depends upon surface albedo, viewing and
lighting geometry, the dust and surface phase functions, and the atmospheric opacity. It is clear
that the quantitative study of surface albedo, especially where small variations in observed albedo
are important (such as photometric analyses), needs to account for the effects of atmospheric dust
loading. Our furore work will expand this study to other regional albedo features on Mars.

This research was supported under NASA Planetary Geology grant NAGW 1378.

39



REFERENCES: [1] Veverka, J., P. Thomas, and R. Greeley (1977). A study of variable features on Mars
duringtheViking primarymission.J.Geophys. Res.82, 4167-4187. [2]Thomas, P.,J.Veverka, S.Lee, and A.

Bloom (1981).Classificationof wind streakson Mars. Icarus45, 124-153. [3]Lee, S.W., P.C.Thomas, and J.
Veverka (1982). Wind streaksinTharsisand Elysium: Implicationsfor sediment transportby slope winds.

J.Geophys. Res. 87, 10025-10042. [4]Lee, S.W. (1986). Regional sourcesand sinksofdust on Mars: Viking

observationsof Cerberus,SolisPlanum, and SyrtisMajor (abstract),InSymposium on Mars: Evolutionof its

Climateand Atmosphere Of. Baker etal.,eds.),pp. 71-72,LPI Tech. Rpt.87-01, Lunar and PlanetaryInstitute,

Houston. [5]Kieffer,H.H.,TT. Martin,A.R. Peterfreund,B.M. Jakosky,E.D. Miner and F.D. Palluconi(1977).

Thermal and albedo mapping of Mars dunng the Viking primary mission. J. Geophys. Res. 82, 4249-4295.

[6] Christensen, P.R. (1982). Martian dust mantling and surface composition: Interpretation of thermophysical
properties. J. Geophys. Res. 87, 9985-9998. [71 Christensen, P.R. (1986). Regional dust deposits on Mars:
Physical properties, age, and history. J. Geophys. Res. 91, 3533-3545. [8] Christensen, P.R. (1986). The
distribution of rocks on Mars. Icarus 68, 217-238. [9] Jakosky, B.M. (1986). On the thermal properties of
martian fines. Icarus 66, 117-124. [10] Chancy, R.T., S.W. Lee, and D.O. Muhleman (1991). Recent studies of
the optical properties of dust and cloud particles in the Mars atmosphere, and the interannual frequency of global
dust storms, this volume. [11] Martin, T.Z. (1986). Thermal infrared opacity of the Mars atmosphere. Icarus 66,
2-21.

o
tv_
|
W

6

v

0.3 CERBERUS (Lot 13.5, Lon 200.5)
I I 1 I

0.25

0.2

0.15

0.1

0.05

0.0 I I I I I
0.0 90 180 270 360 90

YEAR 1 AREOCENTRIC SOLAR LONGITUDE YEAR 2

180

Figure 1: Temporal behavior of a dark area in Cerberus. "True surface albedos" are denoted by
asterisks; error bars indicate uncertainty in 'c. Uncorrected albedos are denoted by dots.
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